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(54) Multi-antenna drvetsfty system with MIMO encoder/decoder 



(57) The encoding system includes a feed unit re- 
ceiving data and producing N data streams, where N is 
at least two. Each of N encoders receives a respective 
one of the N data streams and produces an encoded 
data stream. A multiple input multiple output (MIMO) en- 
coder receives the N encoded data streams and en- 
codes the N encoded data streams into M output data 
stream for transmission by M transmit antennas, where 



M is at least two. In the decoding system, a MIMO de- 
coder receivesT data streams from T receive antennas 
and decodes the T data streams into the N encoded data 
streams. Each of N decoders receives a respective one 
of the N encoded data streams from the MIMO decoder 
and produces N decoded data streams. A combiner 
combines the N decoded data streams into an output 
data stream. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to the field of tel- 
ecommunications; and more particularly, an encoring 
and decoding systems for a multi-antenna transmitter 
and multi-antenna receiver, respectively. 

2. Description of Related Art 

[0002] Many of the new multiple antenna schemes 
proposed for high-speed wireless communicarJon in- 
volve dividing the data for transmission into a number 
of streams equal to the number of antennas. An encoder 
is associated with each antenna, and each encoder en- 
codes the data stream being sent to the associated an- 
tenna. As such, independently encoded data streams 
are sent from each of the transmit antennas and then 
canceling of the interference between the streams at the 
receiver is performed before decoding. While using mul- 
tiple antenna schemes allows for an increase in the data 
transmission rate (often cafed throughput), a constant 
demand exists for ways of increasing the data transmis- 
sion rate. 

SUMMARY OF THE INVENTION 

[0003] The encoding system according to the present 
invention produces greater throughput by using a mul- 
tiple input multiple output (Ml MO) encoder to encode 
output from individual encoders into a number of data 
streams for transmission. According to the invention, 
data is divided into N data streams and encoded by N 
encoders. The MIMO encoder then encodes the N en- 
coded data streams into M output streams. The M output 
streams are then transmitted by M antennas. 
[0004] The number of encoders, N, can be less than, 
greater than or equal to the number of output streams, 
M. In one embodiment, N is 2, M is 4 and the MIMO 
encoder uses the double space time transmit diversity 
(DSTTD) algorithm. 

[0005] By individually encoding data streams and 
then MIMO encoding the data streams, a greater 
throughput is achieved. 

[0006] On the receive side, the decoding system in- 
cludes a MIMO decoder that receives T data streams 
from T antennas, where T is not necessarily greater than 
M. The MIMO decoder decodes the T received data 
streams into the N received encoded data streams, 
which are then respectively decoded by N decoders. 
The N decoders correspond to the N encoders, and 
each of the N decoders uses the decoding algorithm cor- 
responding to the encoding algorithm used by the cor- 
responding encoder. A combiner combines the output 
of the N decoders into an output data stream. 



BRIEF DESCRIPTION OF THE DRAWINGS 

(0007] The present invention will become more fully 
understood from the detailed description given herein 
5 below and the accompanying drawings which are given 
byway of illustration only, wherein like reference numer- 
als designate corresponding parts in the various draw- 
ings, and wherein: 

io Fig. 1 illustrates an embodiment of the encoding 
system according to the present invention; and 
Fig. 2 illustrates an embodiment of the decoding 
system according to the present invention. 

15 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0008] Rg. 1 illustrates an embodiment of the encod- 
ing system according to the present invention. As 
20 shown, a demultiplexer 1 0 receives data for transmis- 
sion and demultiplexes the data into N data streams. N 
encoders ENC1-ENCN respectively receive the N data 
streams and encode each data stream by error-correct- 
ing code(s). The N encoders ENC1-ENCN in one em- 
25 bodiment use the same encoding algorithm. In another 
embodiment, each of the N encoders ENC1 -E NCN uses 
a different encoding algorithm, and in yet another em- 
bodiment, at least two of the N encoders ENC1 -ENCN 
use the same encoding algorithm, while the others of 
30 the N encoders ENC1 -ENCN use different encoding al- 
gorithms. In general the N encoders ENC1-ENCN use 
any well-known encoding algorithm such as Turbo 
codes, corrvolutJonal codes, etc. 
[0009] A multiple input multiple output (MIMO) encod- 
es er 1 2 receives the N encoded data streams output from 
the N encoders ENC1 -ENCN and encodes the N encod- 
ed data streams into M output data streams for trans- 
mission on M antennas. The MIMO encoder 1 2 operates 
according to any well-known MIMO encoding algorithm 
40 such as space time orthogonal or quasi orthogonal block 
codes. 

[0010] In one embodiment of the present invention, 
the number of encoders N is two and the number of 
transmit antennas M is four. Hence the MIMO encoder 

45 12 encodes two individually encoded data streams into 
four output data streams. In this embodiment, the MIMO 
encoder 1 2 uses the double space time transmit diver- 
sity (DSTTD) encoring algorithm. However, it should be 
understood that the present invention is not limited to 

so using two encoders and generating four output data 
streams. It should be further understood that the present 
invention is not linited to having N less than M. Instead, 
N can equal M or in other embotfiments, N is greater 
than M. And, the MIMO encoding algorithm that produc- 

55 es the greatest throughput will vary depending on the 
number of encoders N and transmission antennas M. 
Furthermore, the encoding system designer will have to 
weigh the tradeoffs between encoding algorithms and 
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the required processing resources. 
[0011] In the present invention, the encoded data 
streams undergo MIMO encoding prior to transmission. 
The MIMO encoding rs done in conjunction with the in- 
dividual encoding performed by the N encoders 5 
ENC1-ENCN. 

[001 2] Rg. 2 illustrates a decoding system according 
to an embodmnent of the present invention. As shown, 
a MIMO decoder 20 receives T data streams from T an- 
tennas, and decodes the T data streams into N encoded 10 
data streams. N decoders DEC1-DECN respectively 
decode the N received encoded data streams according 
to the error-correcting algorithms employed to produce 
the N encoded data streams. A multiplexer 22 combines 
the N decoded data streams to produce output data. ts 
[0013] The N decoders DEC1-DECN correspond to 
the N encoders ENC1-ENCN, and each of the N decod- 
ers uses a decoding algorithm corresponding to the en- 
coding algorithm used by the corresponding one of the 
N encoders ENC1-ENCN. 20 
[0014] It should also be understood that the number 
of receive antennas T is not necessarily greater than the 
number of transmission antennas M. 
[0015] The invention being thus described, it wfll be 
obvious thatthesarne may be varied 25 
in the scope of the foOowtng claims. 

Claims 

30 

1. An encoo^tgsystemforamulti-antenna transmitter, 
comprising: 

a feed unit receiving data and producing N data 
streams, where N is at least two; 3s 
N encoders, each encoder receiving a respec- 
tive one of the N data streams and producing 
an encoded data stream; 
a multiple input multiple output (MIMO) encoder 
receiving the N encoded data streams and en- 40 
cooing the N encoded data streams into M out- 
put data stream for transmission by M anten- 
nas, where M is at least two. 

2. The system of claim 1, wherein each of the N en- 45 
coders operates according to a same encoding al- 
gorithm 

3. The system of claim 1, wherein one of the N encod- 
ers operates according to a first encoding algorithm, so 
another of the N encoders operates according to a 
second encoding algorithm, and the first and sec- 
ond encoding algorithms are different. 

4. The system of claim 1, wherein the MIMO encoder 55 
operates according to the double space time trans- 
mit diversity (DSTTD) algorithm. 



5. A decoding system for a multi-antenna receiver, 
comprising: 

a multiple input multiple output (M IMO) decoder 
receiving T data streams and decoding the T 
data streams into N data streams; 
N decoders, each decoder receiving a respec- 
tive one of the N data streams and producing 
N decoded data streams; and 
a combiner combining the N decoded data 
streams into an output data stream. 

6. The system of claim 5, wherein each of the N de- 
coders operates according to a same decoding al- 
gorithm 

7. The system of claim 5, wherein one of the N decod- 
ers operates according to a first decoding algorithm, 
another of the N decoders operates according to a 
second decoding algorithm, and the first and sec- 
ond decoding algorithms are different. 

a The system of claim 5, wherein the MIMO decoder 
operates according to the double space time trans- 
mit diversity (DSTTD) algorithm. 

9. An encoding and decoding system for a communi- 
cation system having multi-antenna transmitter and 
multi-antenna receiver, comprising: 

a feed unit receiving data and producing N data 
streams, where N is at least two; 
N encoders, each encoder receiving a respec- 
tive one of the N data streams and producing 
an encoded data stream; 
a multiple input multiple output (M IMO) encoder 
receiving the N encoded data streams and en- 
coding the N encoded data streams into M out- 
put data stream for transmission by M transmit 
antennas, where M is at least two; 
a multiple input multiple output (MIMO) decoder 
receiving T data streams from T receive anten- 
nas and decoding the T data streams into the 
N encoded data streams; 
N decoders, each decoder receiving a respec- 
tive one of the N encoded data streams from 
the MIMO decoder and producing N decoded 
data streams; and 

a combiner combining the N decoded data 
streams into an output data stream. 
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